Analysis of territorial diabetes mellitus registers of 2 Western and 3 Eastern Ukraine regions with diverse historical backgrounds was performed. Two western regions (Kherson and Crimea) were severely affected by Famine of 1932-33, Chernihiv region was less severely affected area, and Western-Ukraine regions (Volyn and Rivne) were not affected. Prevalence rates of diagnosed type 2 diabetes mellitus (T2D) in women are higher than in men in all birth cohorts studied except for the oldest ones. The female-to-male predominance is more pronounced for people with T2D residing in Eastern Ukraine regions. Female (but not male) persons with T2D residing in Eastern Ukraine have higher body mass index than those residing in Western Ukraine. Female predominance among persons with T2D in Ukraine may be due to the fact that women are more likely than men to be influenced by adverse early-life conditions.
Introduction
The prevalence of diabetes mellitus is growing worldwide and could reach pandemic proportions in the near future [1] . It is a recognized global health problem, especially in developing countries. According to the analysis by Shaw et al. [2] , between 2010 and 2030, there will be a 20% increase in numbers of adults with diabetes in developed countries and a 69% increase in developing countries. Presently, the earlylife circumstances are considered to be the most important causal factors in the development of type 2 diabetes (T2D) and other metabolic disorders [3, 4] . The "thrifty genotype" and "thrifty phenotype" hypotheses have been forward to explain the link between early life environment and subsequent development of metabolic syndrome and associated chronic diseases. The "thrifty genotype" hypothesis was proposed by Neel [5] to explain the increasing incidence of diabetes in the Western World. Neel hypothesized that to ensure survival during periods of famine, certain genes that favor excess storage of fat evolved to regulate efficient intake and utilization of fuel stores. However, these genes that improve survival during famine can become detrimental when food supply become abundant, thus explaining the association between malnutrition and later development of metabolic complications. According to the "thrifty phenotype" hypothesis proposed more recently by Hales and Barker [6] , poor fetal nutrition results in permanent changes in glucose-insulin metabolism (insulin hypersecretion as the primary event, and insulin resistance the response) that, together with other hormonal and metabolic adaptations, help survival in poor postnatal conditions. These alterations are beneficial to survival in a poor nutritional environment, but may lead to diabetes and other features of the metabolic syndrome if the postnatal environment conflicts with the earlier programming (e.g., if postnatal nutrition is abundant) and obesity occurs in adult life. It is becoming increasingly apparent that epigenetics (which refers to any process that alters gene activity without changing the actual DNA se-quence) may bridge both the "thrifty genotype" and "thrifty phenotype" hypotheses and provide a link between genes and the environment concerning disease predisposition to metabolic syndrome and related diseases [7, 8] .
The early life conditions may likely contribute to gender differences in T2D prevalence. In the first half of the 20th century, a pronounced female excess in T2D was evident in USA and Europe. Presently, T2D is equally prevalent in men and women in most Western populations, with some evidence of male preponderance in early middle age [9] . The opposite pattern prevails in developing countries: the prevalence of obesity and T2D are higher in women compared to men [10] [11] [12] [13] . Such gender differences can be at least partly explained by the secular trend in socioeconomic conditions in developed countries. It is well established that the adverse socioeconomic conditions in early life can profoundly affect individual development and produce lasting increases in the risk of metabolic and cardiovascular disease later in life [14] . Socioeconomic status likely is an important factor in developing T2D, especially for women [15, 16] . For example, in Hong Kong Chinese, the age-adjusted odds ratio of having diabetes was 4.5 (1.9-10.9) in female subjects with the lowest socioeconomic status compared to those with the highest socioeconomic status; the corresponding age-adjusted odds ratio in male subjects was 1.9 (0.9-3.9) but this was not statistically significant [17] . Among residents of China's poor rural areas (Tianjin province), the prevalence of impaired fasting glucose, screen-detected diabetes and previously diagnosed diabetes was significantly higher in women than in men [18] .
Taken together, these findings may explain a female excess in T2D prevalence in countries with poor economics. Ukraine is among such countries. During the first half of the XX century, Eastern Ukraine has thrice suffered famine (in 1921-1923, 1932-1933, and 1946-1947) and thrice was the area of famineassociated social conflicts (World War I 1914-18 followed by Russian revolution and civil war, 1918 -1920 , and World War II 1941 -1944 . Unlike Eastern Ukraine, Western Ukraine was under Polish rule until 1939, and joined the Soviet Union following a pact with Germany to divide Poland (Fig. 1) . Western and Eastern Ukraine population are similar ethnically, and have similar diet habits and lifestyle, but people from Eastern Ukraine only was suffered from Sovietinduced social troubles during the interwar period. Thus, the comparison between Western and Eastern Ukraine cohorts born during this period can provide information about the role of severe adverse events in early life on later population health perspective including gender-related risk of developing T2D. However, the evaluation of gender differences in the risk of developing T2D was never performed in Ukraine excepting Tronko et al. study [19] To minimize bias due to misclassification of diabetes type, cases were restricted to persons born before 1965 and diagnosed with T2D after age 39. Cases were identified from the five Ukraine regional diabetes registers with high completeness of ascertainment. Three regions represented the Eastern Ukraine: Chernihiv (completeness: 100%), Kherson (completeness: 99.0%) and Crimea (completeness: 100%), and two represented the Western Ukraine: Volin (completeness: 100%) and Rivne (completeness: 88.6%). These regions have different historical background. The residents of the Eastern Ukraine were exposed to the Great Famine of 1932-33, and the residents of the Western Ukraine were not exposed to this sociallyinduced disaster. Among five regions studied, two regions (Kherson and Crimea) were severely affected by Famine of 1932-33 (rate of population decline during 1929-33 was 20-25%) [20] , Chernihiv region was less severely affected area (rate of population decline was up to 15%), and Western-Ukraine regions (Volyn and Rivne) were not affected. The total population residing in these regions is estimated at 6 380 500 (according to the Statistical Yearbook of the State Statistics Committee of Ukraine, 2006). Data on date of birth, sex and year of diagnosis were missing in these regional registers for 11 688 individuals. Complete data to estimate T2D prevalence were available for 105 374 subjects (34 415 men and 70 959 women) residing in these regions. Among them, there were 23 575 men and 51 769 women residing in Eastern Ukraine regions, and 10 840 men and 19 190 women residing in Western Ukraine regions studied. Data on height and weight were missing among these subjects for 10 914 individuals, accordingly, BMI was determined for 94 460 persons. Information about the http://ccaasmag.org/BIO blood glucose-lowering therapy was available for most patients (29 706 T2D persons in Western Ukraine regions and 73 235 T2D persons in Eastern Ukraine regions studied).
Information about the number of insulin-treated patients (1552 men and 2183 women in Western Ukraine regions and 4347 men and 8531 women in Eastern Ukraine regions, 12.6% and 17.6% among all T2D patients, respecttively) was considered as most reliable, since the determination of the insulin requirement in diabetic patients was the initial aim of the register. The anthropometric data from the SINADIAB register were also used in our previous epidemiological study [21] . Data about the sample sizes in reference populations were extracted from the Statistical Yearbook of the State Statistics Committee of Ukraine 
Statistical analysis.
The prevalence rates of T2D were calculated as percentages of the total study population, stratified by birth cohort, gender and region. Confidence intervals (CIs) for prevalence rates were calculated with the normal approximation to the binomial distribution. To evaluate the gender differences in the risk of developing T2D, female/ male odds ratios (ORs) and corresponding 95% CIs were calculated by a logarithmic transformation [23] . P values were determined by the Fisher's exact test. Due to the large sample sizes, statistical significance was set at P < 0.001. Body mass index (BMI) for each person was determined as the actual body weight divided by the square of height (kg/m 2 ). Median BMIs and corresponding 95% CIs were calculated for subpopulations stratified by gender, area of residence and birth cohort. Statistical differences between populations were assessed by Mann-Whitney U test. Most of analyses were performed using SPSS software (Windows ver. 11.0; SPSS Inc., Chicago, IL). Data, presented on 
Results
In Ukraine areas studied, T2D prevalence rate is higher for women (3.9 %) than for men (2.7 %), female/male OR = 1.48 (95% CI: 1.46-1.50), P < 0.0001. During the period studied, prevalence rates are steadily increasing with age in both sexes, reached a peak in the 1940-44 birth cohort in Western Ukraine regions and in the 1930-34 birth cohort in Eastern Ukraine regions; in more advanced ages, however, the http://ccaasmag.org/BIO trend becomes opposite (Fig. 2) . These data are consistent with data from different populations worldwide which show an increase in the prevalence of T2D with increasing age, with values reaching a plateau or even declining in very old age [24] . The decrease in T2D prevalence in oldest age groups may be because persons with diabetes mellitus have a lower life expectancy than those without the disease. As we can see from Fig. 1, T2D prevalence rates in women are higher than in men in all birth cohorts except for the earliest ones (≤ 1924 and 1925-29 birth cohorts in Western Ukraine regions, and 1925-29 birth cohort in Eastern Ukraine regions), when prevalence in men becomes higher. The female-to-male predominance is more pronounced for people with T2D residing in Eastern Ukraine regions [female/male OR = 1.55 (95% CI: 1.53-1.58)] compared to those residing in Western Ukraine regions [female/male OR = 1.32 (95% CI: 1.29-1.35)]. In both Western Ukraine regions studied, the female preponderance is evident in most birth cohorts except for the eldest ones, namely, for persons born after 1934 (Tables 1 and 2 ). In Eastern Ukraine regions, the female predominance was found in the earlier cohorts, namely, for persons born after 1924 in Kherson and Crimea regions, and after 1929 in Chernihiv region ( Table 3) .
Similar trends were found with regard to BMI. A significant effect of region of residence on BMI was detected in female but not in male T2D persons. The median BMI for those men with T2D residing in Western Ukraine was 27.14 (95% CI: 27.09-27.25) and for those residing in Eastern Ukraine was 27.24 (95% CI: 27.16-27.33). Among women with T2D, those residing in Eastern Ukraine have higher median BMI (28.38; 95% CI: 28.34-28.44) than those residing in Western Ukraine (27.91; 95% CI: 27.83-27.96) at significance level P < 0.01 by Mann-Whitney U-test. Such differences are evident in most birth cohorts studied (Fig. 3) . n-T2D cases, N -population at risk, % -prevalence rate. 
Discussion
High prevalence of T2D in several birth cohorts may likely be explained be adverse historical legacy in Ukraine population. Cohorts conceived before or during the Great Famine of 1932-33 and other famine episodes could be subjected to selection favoring the survival and reproduction of individuals with the thrifty genotype. Moreover, adaptations to early-life undernutrition could lead to metabolic and structural changes, which were beneficial for early survival, but might increase the risk of T2D in adulthood.
One possible explanation for the female predominance observed in most birth cohorts studied may be due to the fact that women are more likely than men to be influenced by adverse early-life conditions. For example, Ravelli et al. [25] comparing people exposed to Dutch famine 1944-45 in late, mid, or early gestation (exposed participants) with those born before or conceived after the famine period (nonexposed participants) have found that maternal malnutrition during early gestation was associated with higher BMI and waist circumference in 50-y-old women but not in men. The authors concluded these findings suggest that pertubations of central endocrine regulatory systems established in early gestation may contribute to the development of abdominal obesity in later life. In more recent study, exposure to the Dutch famine during gestation was strongly associated with a wide range of indexes of body mass distribution in middle-age women, but it was not associated with these indexes in men [26] . In women exposed to the Great Chinese Famine in utero or during early childhood, weight and BMI were significantly greater compared to those born after the famine; early-life exposure to famine had no effect on adult men's weight [27] . The results from the Leningrad study confirm that T2D without obesity develops earlier and more often in women but not in men exposed to the Siege of Leningrad during childhood [28] . These epidemiologic findings were confirmed by animal experiments. In some animal studies [29, 30] , it has been shown the gender difference in the effect of intrauterine malnutrition. For instance, female adult rats exposed to intrauterine undernutrition had increased adiposity, marked impairment of hypothalamic insulin signaling, and loss of insulin-induced hypophagia. Such disturbances were less severe or even absent in male progeny [29] . These results led the authors to conclude that female progeny are more susceptible than their male siblings to the effects of maternal malnutrition. Thereby, the female predominance among the patients with T2D obtained in our study may be a result of adverse life conditions in Ukraine during the first half of the 20st century. The observation that female preponderance in Eastern Ukraine regions is evident in the older cohorts and it is more pronounced than that in Western Ukraine regions, perhaps, can be explained by the fact that Western Ukraine joined the Soviet Union only in 1939. Thereby, the Western Ukraine population was not exposed to a number of sociallyinduced disasters including the Great Famine of 1932-33 caused serious demographic losses (estimated at around 3-4 million persons) [20, 31] . It is also noteworthy that, as we can see from Table 2 , female/male ORs are significantly higher in Eastern-Ukraine regions compared with WesternUkraine regions, except for Chernihiv region where OR is as low as in Western-Ukraine regions. Remarkably, the Famine of 1932-33 was far less severe in Chernigiv region compared with other Eastern-Ukraine regions [20] . Moreover, as we can see from Table 2 , prevalence rates of T2D show a peak in the birth cohort 1930-34 in women residing in Crimea and Kherson regions (9.0% and 9.2%, respectively). These regions were much more liable to suffer from Famine of 1932-33 than other regions studied. An increased risk for T2D is consistently associated with higher BMI. One reason for the major impact of obesity on the development of T2D is that it often is accompanied by the metabolic syndrome, a cluster of hyperglycemia, dyslipidemia, and hypertension [32] . Our results regarding the regional differences in T2D prevalence are confirmed by BMI data. The inter-regional difference was evident for female but not male patients with T2D (Fig. 3) . Among them, those women residing in Eastern Ukraine, an area suffered from severe famine in 1932-33, have higher BMI than those residing in Western Ukraine (non-exposed area).
A potential weakness of our study is that only 5 out of 25 Ukrainian regions were studied. However, in our recent study of BMI data of all insulin-treated T2D patients in Ukraine (n = 103 571, including 18 508 persons residing in 6 Western Ukrainian regions and 85 066 persons residing in 19 Eastern Ukrainian regions) a very similar trend was observed (unpublished data). Among the Western Ukrainian insulin-treated T2D women (n = 10 608), the mean BMI was 28.0 (95%CI: 27.9 -28.09), and among the Eastern Ukrainian T2D women (n = 55 031), BMI was 28 Weight gain in insulin-treated T2D patients is a well known phenomenon. Several studies have demonstrated that treating T2D patients with exogenous insulin results in an average increase of 3% to 9% over pretreatment body weight, depending on the length of the study and the intensity of glucose control [38, 39] . Therefore, it is possible to explain the observed increase in BMI in women from the Eastern regions of Ukraine by the territorial and gender differences in the use of insulin for the treatment of T2D. Indeed, in the Western regions studied insulin used less frequently than in the Eastern ones (12.6% and 17.6% respectively) for the T2D therapy, while the proportion of males among insulin-treated T2D was 41.6% (95% CI 32.9-34.6) in the Western and only 33.8% (95% CI 32.9-34.6) in the Eastern regions of Ukraine studied. However, detection of similar trend in the analysis of entire population of insulin treated T2D patients (n=103 571) in Ukraine (unpublished data) indicates the independence of this phenomenon from the factor of the insulin treatment. The factor of ethnicity may be significant only for the multiethnic population of the Crimea, but confirmation of differences in BMI for insulin treated T2D women in 19 exposed and 6 non-exposed regions (unpublished data) is not confirmed the effect of ethnicity.
It must be noted that if we consider the Eastern regional cluster (famine affected) a "risk factor", vs the Western regional cluster (non famine affected), and female gender as the «outcome», the odds ratio would be 1.36 (95%CI: 1.32 -1.41); p<0.001.
Male preponderance among patients with T2D in the oldest age group (≤ 1924 birth cohort) seems paradoxical because it contradicts the numerous epidemiological evidence that suggest that male cases outnumber female cases until age group 75-79, and from age groups 80 and older, T2D is more prevalent in female cases [33, 34] . One possible explanation for this observation is that diabetic women generally have a greater relative risk of cardiovascular diseases than diabetic men, and impact of diabetes on the risk of coronary death which is associated to stroke and heart attack is significantly greater for women than men in comparison with non-diabetic women and men [35] [36] [37] . However it is not clear why male preponderance in oldest age group among T2D patients is only Ukraine phenomenon, and opposite tendency is evident in other countries. Further studies are necessary to clarify this issue.
